Abstract. The human zinc finger of the cerebellum (ZIC) family genes, comprised of 5 members, which are vertebrate homologues of the Drosophila odd-paired gene and encode zinc-finger transcription factors, have been shown to be involved in various diseases, including cancer. However, the roles of ZICs in human gastric cancer (GC) have not yet been fully elucidated. This study aimed to investigate the expression patterns of ZICs and determine their clinical significance in GC. The mRNA and protein expression levels of ZIC1-5 were detected by RT-qPCR and western blot analysis, respectively using 60 pairs of human GC and matched normal mucosa tissues. The expression pattern and subcellular localization of ZIC1 in 160 pairs of human GC and matched normal mucosa tissues were verified by immunohistochemistry. Moreover, the associations of ZIC1 expression with various clinicopathological characteristics and patient prognosis were evaluated. The mRNA and protein expression levels of ZIC1 were both found to be significantly decreased in the GC tissues compared to matched normal mucosa tissues (GC vs. normal, 2.15±0.69 vs. 4.28±0.95; P<0.001); however, ZIC2-5 expression exhibited no significant difference between the cancer and normal tissue samples. In addition, the downregulation of ZIC1 (ZIC1-low) was more frequently observed in the GC tissues with positive lymph node metastasis (P=0.006), an advanced TNM stage (P<0.001) and a great depth of invasion (P=0.01). Notably, a low ZIC1 expression was significantly associated with a poor disease-free and overall survival. Furthermore, multivariate analysis revealed that ZIC1 expression was an independent prognostic marker for patients with GC. In conclusion, among the human ZIC family genes, the dysregulation of ZIC1, but not of ZIC2, ZIC3, ZIC4 and ZIC5, may play a crucial role in the progression of GC. ZIC1 may thus serve as a novel molecular marker to predict the progression, survival and relapse of patients with GC.
Introduction
Gastric cancer (GC), one of the most frequent malignancies, remains the second leading cause of cancer-related mortality worldwide (the third in males and the fifth in females), despite great advances in therapeutic regimens and improved surgical outcomes (1) . Based on Globocan 2012, GC accounts for nearly 952,000 new cases annually in worldwide (2) . Of all GC cases, 90% are malignant and 95% are comprised of gastric adenocarcinoma (3) . More than 70% of new cases and deaths related to GC are occurred in developing countries (4) . In China in particular, this cancer has the second highest incidence among commonly diagnosed cancers (5) . Due to a lack of early specific symptoms, the diagnosis of GC is often delayed, leading to cancer cell invasion into the muscularis propria (6) . Consistent with other types of cancer, the development of GC is a multiplestage process in which the accumulation of molecular changes lead to malignant phenotypes with aggressive characteristics (7) . Therefore, the detection of the abnormal expression of molecular markers may be a promising approach for the early diagnosis and prognosis of patients with GC.
The human zinc finger of the cerebellum (ZIC) family genes, comprised of 5 members (ZIC1, ZIC2, ZIC3, ZIC4 and ZIC5) which are vertebrate homologues of the Drosophila odd-paired (OPA) gene, are structurally similar to each other, implying that ZICs share some, but not all, functions (8) . ZIC genes encode zinc-finger transcription factors, each composed of 5 C 2 H 2 zinc-finger domains, which have highest sequence homology to Drosophila OPA (9) . Functionally, ZIC genes play crucial roles in a wide array of developmental systems, including the central nervous system (CNS), muscle and skeletal development (10) . The ZIC proteins are mainly expressed in the developing or mature CNS in a spatiotemporally restricted manner, but none contain a canonical nuclear localization signal. As zinc finger transcription factors, these proteins can bind to the GC-rich sequence in target genes (11) . With the similar zinc finger domains, the ZIC family members have also been shown to interact with the Gli family proteins in both an antagonistic and synergistic manner (12) . In recent years, growing evidence has indicated that ZICs may be involved in the pathological events of various diseases, including cancer. For example, ZIC1 was found to participate in the progression of human medulloblastoma (13) , thyroid cancer (14) , GC (15) (16) (17) , colorectal cancer (18) , endometrial cancer (19) and mesenchymal neoplasms (20) ; ZIC2 may function as an oncogene in small cell lung carcinoma (21),
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GANG MA 1 pancreatic ductal adenocarcinoma (22) , epithelial ovarian cancer (23) and cervical cancer (24) ; genome-wide analysis of CpG island methylation in bladder cancer identified ZIC4 as a pTa-specific prognostic marker (25) . However, the roles of the ZIC family members in GC have not yet been fully elucidated. A comparison of their expression levels and clinical significance in GC is required.
These observations led us to investigate the expression profiles of ZIC genes and proteins in GC, and to determine their clinical implications. We first detected the mRNA and protein expression levels of ZIC1, ZIC2, ZIC3, ZIC4 and ZIC5 by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and western blot analysis, respectively, using 60 pairs of human GC and matched normal mucosa tissues. The expression pattern and subcellular localization of ZIC1 in 160 pairs of human GC and matched normal mucosa tissues were then examined by immunohistochemistry. Moreover, the associations of ZIC1 expression with various clinicopathological characteristics and patient prognosis were also evaluated. Table I .
Materials and methods

Ethics
All the 160 patients with GC were given a follow-up exam ranging from 3 to 6 years. Patients who died from diseases other than GC or from unexpected events were excluded from the case collection in this study. For the analysis of survival and follow-up data, the date of surgery was used to represent the beginning of the follow-up period. Overall survival was an endpoint which was calculated as the amount of time between the date of surgery and the date of death, regardless of the cause. Disease-free survival was defined as the time from randomization until recurrence of the tumor or death from any cause. Surviving patients were censored on March 31, 2013.
RT-qPCR. Total RNA was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). A total of 2 µg RNA was reverse transcribed using the SuperScript II RNase-Reverse Transcriptase system (Invitrogen). GAPDH was used as an internal control. cDNA was then subjected to quantitative (realtime) PCR (qPCR) using primers specific for ZIC1, ZIC2, ZIC3, ZIC4, ZIC5 and GAPDH. PCR primers were designed according to the previous study by Aruga et al (26) as follows: ZIC1 forward, 5'-GGCCCGGAGCAGAGTAAT-3' and reverse, 5'-AGCCCTCAAACTCGCACTT-3' (229 bp, 26 cycles); ZIC2 forward, 5'-CCCTTCAAGG CCAAATACAA-3' and reverse, 5'-TGCATGTGCTTCTTCCTGTC-3' (218 bp, 26 cycles); ZIC3 forward, 5'-GCAAGTCTTTCAAGGCGAAG-3' and reverse, 5'-CATGCATGTGCTTCTTACGG-3' (225 bp, 28 cycles); ZIC4 forward, 5'-GCCCTTCAAAGCCAAAT ACA-3' and reverse, 5'-GCCCTCGAACTCGCATC-3' (172 bp, 28 cycles); ZIC5 forward, 5'-TCTGCTTCTGGGAGGAC TGT-3' and reverse, 5'-GGGAATGTTTCTTCCGATCA-3' (252 bp, 28 cycles); and GAPDH forward, 5'-GAAGGTGAA GGTCGGAGT-3' and reverse, 5'-GAAGATGGTGATGGG ATTTC-3' (226 bp, 28 cycles). The PCR cycling conditions were as follows: 94˚C for 4 min, followed by 40 cycles of 95˚C for 1 min, 60˚C for 1 min and 72˚C for 1 min. The SYBR Premix Ex Taq™ kit (Takara Bio, Inc., Otsu, Shiga, Japan) was used to measure the amplified DNA, and qPCR was performed using an iQ5 real-time PCR detection system (Bio-Rad, Hercules, CA, USA). The amount of ZICs relative to GAPDH was calculated as the average 2 -ΔCt , where ΔCt = Ct-Ct GAPDH .
Western blot analysis. The GC and matched normal mucosa tissues were added to 1 ml of 100 mmol/l Tris-HCl (pH 7.5), 100 mmol/l NaCl, 0.5% sodium deoxycholate, 1 mmol/l ethylenediaminetetraacetic acid, 1% Nonidet P-40, and 0.1% sodium dodecyl sulfate and protease inhibitor. Lysates (100 µg) were resolved on an SDS-PAGE gel and transferred to PVDF membranes (Millipore, Bedford, MA, USA). After blocking in 5% milk with TBST, the memberanes were inclubated with ZIC1 (1:500, ab134951), ZIC2 (1:500, ab150404), ZIC3 (1:500, ab136431), ZIC4 (1:500, ab199284), ZIC5 (1:500, ab42483) and GAPDH (1:1000, ab181602) (all from Abcam, Cambridge, UK) antibodies at room temperature overnight. Subsequently, secondary antibodies coupled to horseradish peroxidase (HRP) were visualized using a chemiluminescence with Las-4000 Imaging system (Fujifilm, Tokyo, Japan). The relative expression levels of proteins were quantified and normalized to GAPDH.
Immunohistochemistry. The subcellular localization and expression pattern of ZIC1 protein were examined by immunohistochemistry using 4-µm-thick formalin-fixed paraffin embedded sections of GC and matched normal mucosa tissues. The tissue sections were dewaxed in xylene, rehydrated in alcohol, immersed in 3% hydrogen peroxide for 10 min, and the slides were then treated with antigen in 0.01 mol/l sodium citrate buffer in a microwave for 20 min before incubating overnight at 4˚C with ZIC1 primary antibody [ZIC1 (1:500, ab134951; Abcam)] in 3% bovine serum albumin (BSA). Subsequently, the sections were washed in 50 mM Tris buffer at pH 7.6 3 times, and the biotinylated link antibody (Dako Corp., Carpinteria, CA, USA) and streptavidin-peroxidase conjugate were applied sequentially for 15 min each. The Dako liquid 3,3'-diaminobenzidine (DAB) substrate-chromogen solution was used as the chromogen, and hematoxylin was used as the nuclear counterstain. Finally, the tissue sections were counterstained with hemalum, before being dehydrated, cleared and mounted. Non-specific binding was assessed using a non-immune rabbit serum (1:1,000) in 3% BSA in the place of the primary antibody.
To evaluate the results of immunohistochemical staining, the stained sections were reviewed by 2 independent pathologists blinded the clinicopathological characteristics of the patients with GC. They randomly selected 5 visual fields for each section and counted the number of total tumor cells and positive cells, and recorded the staining intensity. The semi-quantitative method was used to determine the staining intensity of the samples according to the staining intensity and the percentage of positively stained cells. The staining intensity was classified into 4 grades: 0, none; 1, poor; 2, moderate and 3, strong. The percentage of positive cells (P) was scored as follows: 0, 0%; 1, 1-25%; 2, 26-50%; 3, 50-75%; and 4, >75%. The total immunoreactive score (IRS) was calculated as the Table I . Associations of ZIC1 expression with various clinicopathological characteristics of the 160 patients with GC. staining intensity score multiplied by the percentage of positively stained cells. IRS ≤2.09 (median value of IRS in GC tissues) was defined as a low expression, and IRS >2.09 was defined as a high expression.
Statistical analysis. All statistical analyses were performed using SPSS software version 11.0 for Windows (SPSS, Inc., Chicago, IL, USA). Continuous variables were expressed as the means ± SD. The differences of ZIC expression, at the mRNA and protein level, between the GC tissues and matched normal mucosa were analyzed by an paired-t test. The associations of ZIC1 expression with various clinicopathological characteristics of the patients with GC were analyzed by Fisher's exact test for any 2x2 tables and Pearson's χ 2 test for non-2x2 tables. The survival analysis was estimated using the Kaplan-Meier method and data were compared using the log-rank test. Multivariate analysis was performed using the Cox proportional hazard model. A value of P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of ZIC1-5 in human GC tissues.
We first detected the expression of the 5 ZIC genes (ZIC1-5) in 60 fresh GC tissue and matched normal mucosa samples by RT-qPCR. As shown in Fig. 1 (Fig. 2) . Notably, in the 60 fresh normal mucosa samples, ZIC1 mRNA and protein levels were 1.02-to 5.35-fold and 1.5-to 3.2-fold higher, respectively, than those in the GC tissues. Moreover, immunohistochemistry revealed that the positive staining for ZIC1 protein in the GC tissues and matched normal mucosa tissue samples was predominantly localized in the cell cytoplasm (Fig. 3A) . There was a significant difference in ZIC1 expression between the GC and matched normal mucosa samples from the same patient (GC vs. normal, 2.33±0.81 vs. 4.20±1.09, P<0.001; Fig. 3C ).
Downregulation of ZIC1 is associated with the aggressive progression of human GC.
To assess the association between ZIC1 expression and various clinicopathological characteristics, the median value (2.09) of ZIC1 expression in GC tissues was used as a cut-off point for dividing all 160 GC patients into the ZIC1-low and ZIC1-high groups. GC patients with an IRS of ZIC1 exceeding the median value were deemed to be in the ZIC1-high group; all other tissues were considered to be in the ZIC1-low group. Of the 160 GC patients, 75 (46.88%) displayed a high expression of ZIC1 and 85 (53.12%) exhibited a low expression of ZIC1. As shown in Table I , the downregulation of ZIC1 (ZIC1-low) was more frequently observed in the GC tissues with positive lymph node metastasis (P=0.006), an advanced TNM stage (P<0.001) and a great depth of invasion (P= 0.01). However, there was no significant relation observed between ZIC1 and other clinicopathological characteristics such as age, gender, tumor size, lauren classification, and tumor differentiation (all P>0.05; Table I ).
Downregulation of ZIC1 is associated with a poor prognosis in human GC.
Kaplan-Meier analysis revealed that the GC patients with a low ZIC1 expression had both a shorter overall survival and disease-free survival than those with a high ZIC1 expression (both P=0.001, log-rank test; Fig. 4 ). To determine whether ZIC1 expression is an independent risk factor for prognosis, the Cox proportional hazard regression model was used. As shown in Table II , univariate analysis revealed that positive lymph node metastasis (both P=0.01), an advanced TNM stage (both P<0.001), a great depth of invasion (P=0.02 and 0.03, respectively) and a low ZIC1 expression (both P= 0.001) were significantly associated with a poor overall survival and disease-free survival. Furthermore, multivariate analysis revealed that the status of lymph node metastasis [for overall survival, hazard ratio (HR)=4.658, .027, 95% CI=0.628-7.128, P=0.03) and ZIC1 expression (for overall survival, HR=4.928, 95% CI=0.936-10.362, P=0.01; for disease-free survival, HR=4.068, 95% CI=0.882-8.968, P=0.02) were independent prognostic markers for predicting poor prognosis in patients with GC.
Discussion
Human GC represents a devastating disease without early symptoms, and it is associated with a rapid progression and poor prognosis, leading to an increasing mortality rate. Thus, it is extremely necessary to identify novel and efficient biomarkers for the early diagnosis and prognosis of this cancer. In the present study, we detected the mRNA and protein expression levels of ZIC1, ZIC2, ZIC3, ZIC4 and ZIC5 in human GC tissues and adjacent normal mucosa tissue sampoles, but found that only ZIC1 had a differential expression between the cancer and normal tissues. In addition, our immunohistochemical analysis verified the downregulation of ZIC1 protein in GC tissues, and showed that it significantly correlated with lymph node metastasis, a higher TNM stage and a deeper invasion. Moreover, Kaplan-Meier curve analysis demonstrated that the GC patients with a low ZIC1 expression had a poorer prognosis than those with a high ZIC1 expression. ZIC1 expression was identified as an independent factor of the overall and diseasefree survivals in GC patients by multivariate Cox analysis. These results suggested that ZIC1 may serve as a biomarker to predict the progression and prognosis of GC patients.
As one of the 5 ZIC family genes, ZIC1 is located on chromosome 3q24 and encodes a C 2 H 2 -type zinc finger transcription factor which is noted for its involvement in various biological processes, including early patterning, neurogenesis, dorsal neural tube development, myogenesis and left-right axis establishment by regulating cell growth, proliferation and differentiation (27) . Under physiological conditions, the expression of ZIC1 has only been found in neural tissues, and is restricted to the cerebellum (28) . In recent years, growing evidence has indicatd that ZIC1 may play a critical role in the progression of several types of cancer, due to its involvement in fibroproliferative processes and its regulatory effects on several members of the Wnt and Notch signaling pathways (29) . Gan et al (18) reported that ZIC1 expression was markedly downregulated in primary colorectal cancer tissues as compated to adjacent non-tumor tissues through promoter hypermethylation, and acted as a tumor suppressor to inhibit cell proliferation and to induce apoptosis by interacting with the MAPK and PI3K/Akt pathways, as well as the Bcl-xl/Bad/caspase-3 cascade. Qiang et al (14) indicated that ZIC1 was frequently downregulated by promoter hypermethylation in both primary thyroid cancer tissues and thyroid cancer cell lines, and demonstrated that ZIC1 hypermethylation was significantly associated with lymph node metastasis in patients with papillary thyroid cancer, and was also identified as a putative tumor suppressor by modulating major signaling pathways and the transcription factor FOXO3a. By contrast, Brill et al (30) revealed that ZIC1 was overexpressed in all 5 subtypes of liposarcoma compared with normal fat and in liposarcoma cell lines compared with adipose-derived stem cells, and may function as an oncogene to promote proliferation and invasion, and to suppress apoptosis in dedifferentiated and myxoid/round cell liposarcoma cell lines. These previous findings suggest that ZIC1 may contribute to cancer progression in a cancer-specific manner.
As regards GC, Wang et al (15) in 2009 firstly found that ZIC1 expression was distinctly decreased in primary GC tissues in comparison with non-tumor adjacent gastric tissues through promoter hypermethylation, and revealed that the ectopic expression of ZIC1 led to the growth inhibition of GC cells through the induction of S-phase cell cycle arrest; In 2012, the same research group indicated that the overexpression of ZIC1 could result in the inactivation of the Shh, PI3K and MAPK signaling pathways, as well as in the regulation of multiple downstream targets which may be essential for the development and progression of GC (16); In 2015, Chen et al (17) also identified ZIC1 promoter hypermethylation in plasma DNA as a potential biomarker for GC and intraepithelial neoplasia. Consistently, our data verified the downregulation of ZIC1, at both the mRNA and protein level in GC tissues, by RT-qPCR, western blot analysis and immunohistochemistry, respectively. In addition, the ZIC1 expression data obtained from immunohistochemical detection were analyzed for correlations with clinicopathological characteristics. As a result, we found that a low ZIC1 expression significantly correlated with lymph node metastasis, a deeper invasion, and a higher TNM stage, suggesting that ZIC1 downregulation may affect the invasion, metastasis and progression of GC, and may indicate the aggressive behavior of cancer. Apart from the results mentioned above, Kaplan-Meier curves proved that the patients with a low ZIC1 expression presented with poorer overall and diseasefree survivals than the patients with a high ZIC1 expression. Multivariate Cox regression analysis confirmed that ZIC1 expression, along with lymph node metastasis, TNM stage and depth of invasion, was an independent prognostic factor of GC prognosis. To the best of our knowledge, this is first study to confirm the clinical significance of ZIC1 in GC based on a large cohort of clinical samples. Table II . Prognostic value of ZIC1 expression for the overall survival and disease-free survival of patients with GC by multivariate analysis with Cox regression. In conclusion, among the human ZIC family genes, ZIC1 dysregulation, but not that of ZIC2, ZIC3, ZIC4 and ZIC5, may play a crucial role in GC progression. ZIC1 may serve as a novel molecular marker to predict the progression, survival and relapse of patients with GC.
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